A total of 480 pigs (PIC 327 × 1050; initially 107.4 lb) were used to determine the interactive effects of supplemental Cu, Zn, and Ractopamine HCl on finishing pig growth performance, carcass characteristics, and antimicrobial susceptibility of enteric bacteria. Dietary treatments were arranged in a 2 × 2 × 2 factorial with main effects of added copper sulfate (CuSO 4 ; 0 vs. 125 ppm Cu), added zinc oxide (ZnO; 0 vs. 150 ppm Zn), and Ractopamine HCl (0 vs. 10 ppm during the last 28 d prior to marketing; Paylean®; Elanco Animal Health, Greenfield, IN). All finishing diets were fed in four phases in meal form and contained 11 ppm Cu and 73 ppm Zn from the trace mineral premix. The study design was structured as a randomized complete block design and replicated with two finishing groups. Pigs were randomly allotted to pens upon entry into the finisher barn. Pens of seven (group 1) or eight (group 2) pigs were balanced on initial BW and randomly allotted to 1 of the 4 mineral treatment diets with two treatment replications per weight block and four weight blocks per finishing group. At 28 d prior to marketing, pens within each block and mineral treatment were randomly assigned to receive either 0 or 10 ppm Ractopamine HCl in addition to the mineral treatment. At the conclusion of the 90-d (group 1) or 83-d (group 2) finishing period, carcass characteristics were measured. Adding Cu or Zn alone resulted in numerical improvements in overall F/G and caloric efficiencies; however, the improvements were not additive (Cu × Zn, P = 0.065, 0.068, and 0.064 for F/G and caloric efficiency on a ME and NE basis, respectively). No significant improvements were observed in overall ADG or ADFI due to added Cu and/or Zn. In contrast, Ractopamine HCl improved (P < 0.001) overall ADG, F/G, and caloric efficiency, thereby increasing final BW by 3% with no change in ADFI.
Summary
A total of 480 pigs (PIC 327 × 1050; initially 107.4 lb) were used to determine the interactive effects of supplemental Cu, Zn, and Ractopamine HCl on finishing pig growth performance, carcass characteristics, and antimicrobial susceptibility of enteric bacteria. Dietary treatments were arranged in a 2 × 2 × 2 factorial with main effects of added copper sulfate (CuSO 4 ; 0 vs. 125 ppm Cu), added zinc oxide (ZnO; 0 vs. 150 ppm Zn), and Ractopamine HCl (0 vs. 10 ppm during the last 28 d prior to marketing; Paylean ® ; Elanco Animal Health, Greenfield, IN). All finishing diets were fed in four phases in meal form and contained 11 ppm Cu and 73 ppm Zn from the trace mineral premix. The study design was structured as a randomized complete block design and replicated with two finishing groups. Pigs were randomly allotted to pens upon entry into the finisher barn. Pens of seven (group 1) or eight (group 2) pigs were balanced on initial BW and randomly allotted to 1 of the 4 mineral treatment diets with two treatment replications per weight block and four weight blocks per finishing group. At 28 d prior to marketing, pens within each block and mineral treatment were randomly assigned to receive either 0 or 10 ppm Ractopamine HCl in addition to the mineral treatment. At the conclusion of the 90-d (group 1) or 83-d (group 2) finishing period, carcass characteristics were measured. Adding Cu or Zn alone resulted in numerical improvements in overall F/G and caloric efficiencies; however, the improvements were not additive (Cu × Zn, P = 0.065, 0.068, and 0.064 for F/G and caloric efficiency on a ME and NE basis, respectively). No significant improvements were observed in overall ADG or ADFI due to added Cu and/or Zn. In contrast, Ractopamine HCl improved (P < 0.001) overall ADG, F/G, and caloric efficiency, thereby increasing final BW by 3% with no change in ADFI.
Introduction
Ractopamine HCl (Paylean ® ; Elanco Animal Health, Greenfield, IN), a b-2-adrenergic agonist, is added to finishing pig diets to improve growth performance and carcass leanness. Current manufacturer feeding recommendations in conjunction with FDA regulations are to feed Paylean® to swine weighing more than 150 lb while providing a complete diet containing a minimum of 16% CP and inclusion of Ractopamine HCl at a level of 5 to 10 ppm for the last 45 to 90 lb of gain prior to slaughter. To maximize the gain, efficiency, and leanness responses in pigs consuming diets with Ractopamine HCl, considerable emphasis is placed on increasing the nutrient content of the diet. In particular, the concentration of protein and amino acids is typically increased via a 30% increase in lysine in a late finishing diet to support a greater rate of lean tissue deposition and maximize the potential response to Ractopamine HCl. In addition, limited research has been directed toward the effects of mineral supplementation on the response to Ractopamine HCl with some research proposing additional improvements in the response to Ractopamine HCl with supplemental Zn in the diet (Akey, 2011 4 ; Patience et al., 2011 5 ). However, the response has been mixed (Paulk et al., 2015 6 ). Copper also has been shown to improve growth and feed intake of finishing pigs (Coble et al., 2014 7 ) .
Additionally, little research has been undertaken to determine the impact of these heavy metals and b-agonists on the ecology of antimicrobial-resistant bacteria in finishing pigs. Beta-agonists have a similar chemical structure to endogenous catecholamines. Catecholamines are known to be capable of affecting the growth, enteric colonization, and possibly gene transfer of bacteria. Consequently, feeding Ractopamine HCl may possibly expedite the propagation of antibiotic-resistant bacteria. This trial was conducted in collaboration with the Kansas State University College of Veterinary Medicine Department of Diagnostic Medicine/Pathology with the primary objective of determining the interactive effects of supplemental Cu, Zn, and Ractopamine HCl on finishing pig growth performance, carcass characteristics, antimicrobial susceptibility, and microbial ecology of enteric bacteria. The effects on growth performance and carcass characteristics only are discussed within this report.
Procedures
The Kansas State University Institutional Animal Care and Use Committee approved the protocol for this experiment. The study was conducted at the Kansas State University Swine Teaching and Research Center in Manhattan, KS. Pigs were housed in an environmentally controlled tunnel-ventilated barn and reared on completely slatted concrete flooring over deep pits for manure storage. Each pen was equipped with a 2-hole stainless steel dry self-feeder (Farmweld, Teutopolis, IL) and a cup waterer to provide pigs with ad libitum access to feed and water. Feed delivery to each individual pen was accomplished and recorded via a robotic feeding system (FeedPro; Feedlogic Corp., Wilmar, MN).
A total of 480 pigs (PIC 327 × 1050; initially 107.4 lb) from 2 finishing groups were used for this study. Prior to placement on experimental finisher diets, the pigs did not receive any chlortetracycline in their feed or water to avoid potential confounding study impacts due to disturbances to the intestinal microbiome. However, the pigs did receive dietary neomycin and oxytetracycline antibiotics immediately post-weaning. Individual pig treatments were recorded. All finishing diets were fed in meal form and contained a trace mineral premix that provided 73 ppm zinc and 11 ppm Cu to the diet (Table 1) . The diets were formulated to be fed in 4 phases (80 to 125 lb, 125 to 175 lb, 175 to 220 lb, and 220 to 290 lb) during the finishing period and were prepared at the K-State O. H Kruse Feed Technology Innovation Center.
The finishing period of the first pig group spanned from January to April, and pigs in the second finishing group were housed in a different room from March to June. Upon entry into the finisher, pigs were randomly allotted to pens of either seven (group 1) or eight (group 2) pigs per pen. Pens contained 4 gilts and either 3 (group 1) or 4 (group Swine Day 2015 2) barrows each. Pen space was maintained at 10 ft 2 /pig across both groups by adjusting pen size according to the number of animals per pen.
The study design was structured as a randomized complete block design with a splitplot and replicated over 2 finishing groups with 32 pens each. At the beginning of the study, 32 pens of pigs were arranged into four weight blocks per group based on similar pen initial average BW. Two pens per weight block were then randomly allotted to 1 of the 4 mineral treatment diets (negative control, +125 ppm Cu, +150 ppm Zn, or +125 ppm Cu with +150 ppm Zn) and balanced on initial pen average BW across blocks. At 28 d prior to marketing, pens within each block and mineral treatment diet were randomly assigned to receive either 0 or 10 ppm Ractopamine HCl in addition to their mineral treatment. Ractopamine HCl treatment assignments were balanced across blocks on current pen average BW at the time of allotment to Ractopamine HCl treatments. For the final 28 d of the finishing period, each weight block contained 1 pen for each of the eight diet treatments.
Feed samples from each batch were taken from feeders. Samples were pooled within each phase to form a composite diet sample that was subsequently analyzed for mineral levels (Table 2) . Across both finishing groups, a composite sample of each of the 4 diets containing Paylean ® was analyzed for Ractopamine HCl concentration (Table 2) .
Pigs and feeders were weighed approximately every 3 wk to determine ADG, ADFI, F/G and both ME and NE caloric efficiency (kcal energy per lb diet × total diet intake per pen ÷ total pen weight gain) on a pen basis. Dietary ME and NE values were derived from feed ingredient energy values based on those in the NRC (2012 8 ).
At the conclusion of the 90-d (group 1) or 83-d (group 2) experimental period, all pigs were individually weighed and tattooed with a unique identifier. Pigs were transported to a commercial harvesting facility (Triumph Foods LLC, St. Joseph, MO) and held in lairage overnight prior to processing and carcass data collection. Carcass characteristics measured at the plant included HCW immediately after evisceration, and backfat and loin depths via an optical probe.
Percent carcass yield was calculated by dividing individual HCW obtained at the packing plant by the corresponding individual final live weight obtained at the farm. An average percentage carcass yield for each pen was then calculated by averaging the observed yields of pigs for each pen. Pen average HCW was calculated by multiplying the pen average percent yield by the pen average final live weight. Initial carcass weight on study d 0 was assumed to equal 75% of the initial pen average live BW, thus HCW gain on a pen basis was calculated using the formula: final pen average HCW, lb -(0.75 × initial pen average BW on d 0). Subsequently, HCW ADG was calculated by dividing the average individual HCW gain of each pen by the number of study days. Similarly, HCW F/G was calculated for each pen by dividing the average daily feed intake per pig (overall ADFI) by average daily HCW gain.
Growth and carcass data were analyzed as a randomized complete block design with a 2 × 2 × 2 treatment structure and replicated with two groups. Pen was the experimental unit. The MIXED procedure in SAS (v9.3, SAS Institute Inc., Cary, NC) was used to model diet treatment as a fixed effect with random effects of group and initial weight block nested within group. The main effects of Cu, Zn, and Ractopamine HCl, as well as their interactions, were tested using a priori orthogonal CONTRAST statements. The Kenward Roger method was used to compute denominator degrees of freedom for tests of fixed effects. Hot carcass weight was used as a covariate in the analyses of backfat, loin depth, and percentage lean. Results were considered statistically significant at P ≤ 0.05; results with P-values > 0.05 and ≤ 0.10 were considered marginally significant.
Results and Discussion
No significant Cu × Zn × Ractopamine HCl (Rac) interactions were observed in the growth performance responses measured in this study. There was no difference among pig BW on d 0, except the pigs that would receive Ractopamine HCl later in the finishing period were initially slightly heavier (P = 0.012), (Table 3 ). Prior to the final 28 d of the finishing period, no effects of Cu or Zn on ADG or ADFI were observed. However, a significant interaction (Cu × Zn, P < 0.05) between Cu and Zn was observed for feed and caloric efficiency; pigs fed diets with either added Cu or Zn alone had numeric improvement in efficiency, but no improvement when both minerals were added together. On d 62 (d 55 for group 2), no difference was observed in the BW of pigs receiving 125 ppm added Cu and/or 150 ppm added Zn, nor was there a difference in the BW of pigs that would begin to receive 10 ppm Ractopamine HCl for the next 28 d compared to the BW of pigs that would not receive Ractopamine HCl.
On the final day of the study (d 90 and d 83 for groups 1 and 2, respectively), pigs receiving Ractopamine HCl for the previous 28 d showed heavier (P < 0.001) BW than pigs that had not received Ractopamine HCl (Table 3 ). The heavier final BW of pigs receiving Ractopamine HCl was the result of greater (P < 0.001) ADG in the final 28 d before harvest, which consequently improved (P < 0.001) their F/G and caloric efficiency on both a ME and NE basis compared to that of pigs not fed Ractopamine HCl. In contrast, no effect of added Cu and/or Zn was observed on the ADG or F/G of pigs during the final 28 d of the finishing period. No effects of the minerals or Ractopamine HCl on ADFI in the final 28 d of the finishing period were observed, aside from a tendency for pigs fed Zn and Ractopamine HCl in combination to have less (Zn × Rac, P = 0.084) ADFI than would have been expected considering added Zn numerically increased ADFI and Ractopamine HCl numerically decreased ADFI when each was fed not in combination with the other.
No effects of added Cu, Zn, and/or Ractopamine HCl were observed on overall ADFI (Table 3) . Overall ADG, F/G, and caloric efficiency on both a ME and NE basis were improved (P < 0.001) due to feeding Ractopamine HCl in the last 28 d of the finishing period. Conversely, there were no main effects of added Cu or Zn on overall growth performance. Feeding Cu or Zn alone numerically improved F/G and overall caloric efficiency, but had no influence on efficiencies when both were added to the diet (Cu × Zn, P = 0.065, 0.068, and 0.064 for F/G, ME, and NE, respectively).
The added Cu and Zn had minimal effects on growth performance and congruently had minimal effects on carcass characteristics. No differences in pen average HCW or HCW ADG due to the added minerals were observed. However, the finishing growth performance improvements induced by feeding Ractopamine HCl during the last 28 d prior to marketing resulted in significantly increased (P < 0.001) HCW and HCW ADG ( Table 5) .
Feeding Ractopamine HCl also increased (P < 0.001) percentage carcass yield, and the magnitude of the increase was numerically greater when either Cu or Zn was added to the diet containing Ractopamine HCl; however, the minerals did not provide any carcass yield benefit when both were fed together with Ractopamine HCl (Cu × Zn × Rac, P = 0.011; Table 6 ). No main effects of Cu or Zn on percentage carcass yield were observed. Efficiency of carcass gain followed a similar pattern to yield, with no main effect due to added Cu or Zn and with a Cu × Zn × Rac interaction (P = 0.024). Again, Ractopamine HCl improved (P < 0.001) HCW F/G with further numeric improvement when either Cu or Zn was added with Ractopamine HCl, but no improvement due to the minerals was observed when both Cu and Zn were included in diets together with Ractopamine HCl.
When compared on a common HCW basis, pigs fed Ractopamine HCl had less (P = 0.014) backfat, greater (P < 0.001) loin depth, and percentage of fat-free lean compared to pigs not fed Ractopamine HCl. In contrast, no differences in backfat, loin depth, or fat-free lean were observed due to added Cu or Zn.
In summary, the addition of 125 ppm Cu and/or 150 ppm Zn failed to significantly improve late finishing or overall growth performance and efficiency, or carcass characteristics. Improved rate of gain in response to Cu and Zn supplementation is often observed due to increased feed intake. The pigs in this study entered the finisher phase at relatively heavy weights and had high levels of feed intake; moreover, this study was conducted in a research setting conducive to high growth performance. These factors possibly precluded any potential for mineral supplementation to improve the growth responses of these pigs.
Ractopamine HCl fed at 10 ppm during the final 28 d of the finishing period significantly improved late finishing growth rate, final BW, HCW, and percentage carcass yield without increasing feed intake. Consequently, Ractopamine HCl improved caloric and feed efficiencies on both a body weight and carcass gain basis. Furthermore, Ractopamine HCl increased lean tissue deposition as evidenced by increased loin depth and less backfat.
In closing, supplementation of 125 ppm Cu or 150 ppm Zn above basal premix TM levels in diets containing Ractopamine HCl did not improve finishing pig growth Swine Day 2015 performance of pigs with high feed intake levels as observed in this study. Inclusion of 10 ppm Ractopamine HCl in the diet for 28 d prior to marketing dramatically improves carcass leanness as well as the feed and caloric efficiencies of pigs. 
